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This appendix discusses the study methodology as
well as various other technical aspects that the reader
should consider when interpreting the data presented in
this report. In addition to the current 1998 survey, the
discussion includes the original 1988 survey, and the
1990, 1992, 1994, and 1996 surveys. The following topics
are covered:

• Sampling procedures and response rates

• Survey questionnaire

• Data collection

• Item nonresponse

• Weighting

• Reliability of survey estimates

• Data considerations, definitions, and limitations

SAMPLING PROCEDURES AND

RESPONSE RATES

A. ACADEMIC INSTITUTIONS

1988 SURVEY

The 1988 survey was designed to provide estimates
for all research-performing academic institutions as de-
fined in the National Science Foundation’s (NSF) fiscal
year (FY) 1983 Survey of Scientific and Engineering
Expenditures at Universities and Colleges. The universe
datafile for the 1983 expenditures survey included all
universities and colleges that offered a master’s or
doctorate degree in science and engineering, all others
that reported separately budgeted S&E research and
development expenditures of $50,000 or more, and all
Historically Black Colleges and Universities that reported
any R&D expenditures. This datafile represented the most
recent available universe survey of R&D expenditures
at academic institutions. The datafile contained a total of
566 institutions.

All HBCUs in the frame were included in the sample
with certainty (N=30), and a stratified probability sample
of 223 institutions was selected from among the
remaining institutions in the frame. These institutions
were first stratified by control (public versus private) and

highest degree awarded in S&E (doctorate-granting
versus nondoctorate-granting). A minimum sample size
of 25 was set for each of the four resulting strata, and the
remaining sample was allocated to strata in proportion
to the “size” of each stratum. Stratum size was defined
as the square root of the aggregate R&D expenditures in
S&E of the institutions in the stratum. Academically
administered Federally Funded Research and Develop-
ment Centers were excluded from this survey. Within
strata, institutions were sampled with probability pro-
portionate to size. Again, size was defined as the square
root of the institution’s FY 1983 R&D expenditures.

Following the selection of an initial sample of 253
institutions, NSF determined that several of the sampled
institutions were out of scope of the survey. Out of scope
institutions included those in outlying territories, military
academies, and three highly specialized institutions
considered inappropriate given the nature of their
programs. Elimination of these out-of-scope cases
reduced the final sample to 247 institutions, of which 29
were HBCUs and 99 had (or were) medical schools.

Institutions in the sample accounted for more than
75 percent of all academic R&D expenditures in FY 1983
and encompassed at least 70 percent of the spending in
each major S&E discipline. The sample represented a
weighted national total of 525 institutions. The composi-
tion of this survey universe by type of institution is shown
in table A-1.

TECHNICAL NOTES

Non-HBCUs

Institution type Total Public Private HBCUs

Total����������� 525 296 200 29

     Doctorate-granting���� 293 190 100 3

         Top 100 in research

               expenditures��� 100 69 31 0

         Other�������� 193 121 69 3

     Nondoctorate-granting�� 232 106 100 26

Table A-1. Number of institutions in the survey universe of 

research-performing colleges and universities: weighted 

estimates, 1988

KEY:         HBCU = Historically Black Colleges and Universities.

SOURCE: National Science Foundation/Division of Science Resources 

                  Studies, 1988 Survey of Scientific and Engineering 

                  Research Facilities at Colleges and Universities.
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1990 SURVEY

The institution sample for the 1990 survey was the
same as for the 1988 survey, except for two changes:

• The sample was updated to reflect recent R&D
patterns as shown in NSF’s fiscal year 1988 R&D
expenditures survey, which collected expendi-
tures data for all institutions in the survey frame
for the first time since 1983. School-by-school
comparisons of these two databases resulted in
the identification of 12 institutions whose 1988
R&D expenditures would have given them
substantially higher probabilities of selection
than they had using 1983 expenditures. These
12 institutions were made certainty selections for
the 1990 survey. Five were already in the sample,
having been noncertainty selections in the 1988
study; the other seven were added to the sample
for the 1990 survey.

• One institution from the 1988 sample became out
of scope when it distributed its assets among other
institutions in the same state system. Therefore,
this institution was eliminated from the sample.

The same changes noted above produced a net
increase of six institutions, increasing the sample size to
253 in 1990. The universe represented by the sample,
however, did not change.

1992 SURVEY

The institution universe and sample for the 1992
survey were the same as for the 1990 survey, except for
three changes:

• Shortly after the sample for the 1990 facilities
survey was selected, NSF conducted a universe
survey of all HBCUs and identified an expanded
group of 70 that reported separately budgeted
R&D expenditures in S&E disciplines. A sample
of 46 of these 70 institutions was selected for
the 1992 facilities survey, with probability
proportionate to size. Size was measured as the
square root of the institution’s reported 1989
R&D expenditures (a minimum size measure of
$10,000 was used to afford the smallest insti-
tutions some possibility of selection).

• The sample was expanded to include all institu-
tions in the top 100 in 1988 R&D expenditures.
Only two institutions from this analytically-
important category were not already in the sample,
and they were made certainty selections in 1992.

• To improve the precision of estimates for
nondoctorate-granting institutions, an expanded
sample of 91 institutions in this category was
selected (excluding HBCUs, which were
sampled separately). The sample included all
(10) public institutions with 1988 R&D expen-
ditures of $2 million or more, and all (11) private
institutions with 1988 expenditures of $1 million
or more. Institutions with R&D expenditures
below these cutoffs were sampled with equal
selection probabilities.

Of the 91 sampled nondoctorate-granting institutions,
nine were later determined to be out of scope, since they
reported in the 1992 facilities survey that they had no
S&E research space and also reported in the 1988 R&D
expenditures survey (which provided the basis for the
sampling frame) that they had less than $50,000 in
separately budgeted R&D expenditures. The exclusion
of these out-of-scope institutions reduced the sample of
nondoctorate-granting institutions to 82.

1994 SURVEY

The institution universe and sample for the 1994
survey closely matched the 1992 survey, with the
following exceptions:

• The 1991 R&D expenditures survey information
was used to generate the top 100 stratum. Three
institutions were added to the top 100 list, and
three institutions were moved out. The expendi-
tures data also were used to calculate the measure
of size for the doctorate-granting institutions. The
1988 expenditures survey data were used to
calculate size measures for the nondoctorate-
granting institutions, because subsequent surveys
did not yield complete information for the
nondoctorate-granting institutions.

• Institutions expending less than $50,000 in R&D
in S&E fields were removed from the frame prior
to sampling. In 1992, they were selected with
probability proportionate to size and then
excluded after contact.

• FICE codes were updated for 50 institutions.1

1 This is the Federal Interagency Commission on Education
number assigned by the Department of Education. Numbers beginning
with 66 are for accredited institutions, which have not yet received a
FICE number. These are identification numbers for the record file
only.
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• Six institutions were misclassified with the 1992
sampling list as nondoctorate-granting, when in
fact they did award S&E doctorates. These
misclassifications were corrected.

• Random (rather than systematic) draws from the
strata were employed.

• The HBCUs selected with certainty were
redefined to include 28 from the 1990 list,2  plus
all of the new institutions selected with certainty
in 1992. This meant that a total of 33 HBCUs
was selected with certainty and 12 others were
selected with probability proportionate to size.

Of the 314 sampled institutions, five nondoctorate-
granting institutions were later determined to be out-of-
scope, because they reported no S&E research space. The
exclusion of these out-of-scope institutions reduced the
sample to 309.

1996 SURVEY

The institution universe and sample for the 1996 survey
were the same as the universe and sample for the 1994
survey. No institutions were added, and none were deleted.

Seven of the nondoctorate-granting institutions in the
sample reported no S&E research space in their survey
response and were determined to be out of scope. The
exclusion of these seven institutions reduced the sample
to 307.

1998 SURVEY

The sampling frame for the 1998 survey was
increased to 675 institutions to accommodate additional
coverage for Hispanic-serving institutions and non-
HBCU-Black institutions. The 1998 sampling frame
included 675 institutions drawn from the most recent
census of institutions reported in the 1993 Academic R&D
Expenditures Survey. Fifteen institutions in the sampling
frame reported no science and engineering research space
and were determined to be out of scope for the current
survey. The exclusion of these institutions reduced the
universe to 660 institutions. The universe was divided into
the following nine strata to ensure representativeness:

1. The top 100 colleges and universities in terms of
the size of R&D expenditures, where size was
defined as the square root of the 1993 R&D
expenditures in thousands;

2. The original panel of 29 HBCUs that has been
selected to the sample with certainty since the
1988 NSF Facilities survey;

3. The remaining 35 HBCUs in the sampling frame;
4. Non-HBCU-Black institutions—institutions

that enrolled at least 25 percent black students
according to the Integrated Postsecondary
Education Data System (IPEDS);

5. Hispanic-serving Institutions—institutions that
enrolled at least 25 percent Hispanic students
according to IPEDS;

6. Other public doctorate-granting institutions;
7. Other private doctorate-granting institutions;
8. Public nondoctorate-granting institutions; and
9. Private nondoctorate-granting institutions.

Because these strata are not mutually exclusive
categories, they were defined in a hierarchical manner.
Stratum 1 was formed first so that all institutions in the
top 100 were included irrespective of whether they could
be included in any other stratum. Stratum 2, the 29
HBCUs in the sample since the 1988 NSF Facilities
survey, was the second stratum formed. Stratum 3, the
remaining 35 HBCUs, was the third stratum formed.
Stratum 4, 13 institutions that enrolled at least 25 percent
black students yet were not HBCUs, was the fourth
stratum formed. The first four strata are mutually ex-
clusive groups (i.e., no HBCU or non-HBCU-Black insti-
tution is found in the top 100). In the universe of all
research-performing institutions with S&E research
space, there were 13 institutions that enrolled at least
25 percent Hispanic students. Four institutions, however,
had already been selected into other strata. Thus, Stratum
Five only includes nine institutions. Institutions in the
first five strata were all selected into the sample with
certainty (i.e., all institutions were part of the sample).

The remaining 481 institutions in the universe formed
the final four strata based on their institution type (e.g.
doctorate-granting vs. nondoctorate-granting) and
institutional control (e.g. public vs. private). Within each
of these four strata, institutions were sampled using a
probability proportional to size sampling scheme so that
the larger institutions were selected with higher
probability than the smaller ones. The size of the
institution was defined as the square root of the 1993
R&D expenditures in thousands. Within each of these
four strata, the minimum size of the institution was
defined as 40 for doctorate-granting institutions and for
public nondoctorate-granting institutions. The minimum
size of the institution for private nondoctorate-granting
institutions was defined as 11.

2 One of the 29 HBCUs selected with certainty in 1990 was
excluded because it had no currently funded R&D at the time the
sample was taken.
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Table A-2, below, presents the number of institutions
in the sampling frame, eligible population, sample, and
respondents, by stratum, as previously described.

The overall response rate for the 1998 survey was
86.9 percent. The response rate varied from 100 percent
of the top 100 institutions to 73.2 percent of institutions
sampled from stratum nine.

Table A-3 presents the number of non-HBCU
institutions by institution type in the universe in all survey
periods between 1990 and 1998.

Table A-4 presents the number of institutions within
each stratum by institution type and control. Seventy of
the top 100, 143 of other doctorate-granting, and 151 of
nondoctorate-granting institutions are public institutions.

Thirty of the top 100, 134 of the other doctorate-granting,
and 131 of the nondoctorate-granting institutions are
private institutions.

Table A-5 presents the number of HBCU, non-
HBCU-Black, and Hispanic-serving institutions within
each stratum. Only Strata 2 and 3 contained HBCUs. All
non-HBCU-Black institutions fell within Stratum 4. The
13 Hispanic-serving institutions were drawn from Strata
1, 4, and 5. Three minority-serving institutions had enroll-
ments of at least 25 percent black and at least 25 percent
Hispanic students. These institutions were considered
non-HBCU-Black institutions in all analyses in this report.

Table A-6 presents the number of HBCUs with S&E
research space in the universe by institution type in each
of the surveys between 1990 and 1998.

Response 

Sampling Out of Eligible rate

Strata Description frame scope
3

Population Sample Respondents [percent]

Total All research-performing

     institutions................................. 675 15 660 350 304 86.9

1 Top 100 institutions........................ 100 0 100 100 100 100.0

2 29 selected HBCUs........................ 29 0 29 29 28 96.6

3 Remaining (35) HBCUs.................. 35 7 28 28 24 85.7

4 Non-HBCU-

     Black institutions
1
������ 15 2 13 13 10 76.9

5 Hispanic-serving

     institutions
2
��������� 9 0 9 9 7 77.8

6 Public doctorate-

     granting institutions................... 129 0 129 47 39 83.0

7 Private doctorate-

     granting institutions................... 127 4 123 42 33 78.6

8 Public nondoctorate-

     granting institutions................... 114 1 113 41 33 80.5

9 Private nondoctorate-

     granting institutions................... 117 1 116 41 30 73.2

Table A-2. The number of academic institutions in the sampling frame, eligible population, 

sample, and the number of respondents, by stratum: 1998 

1
 Non-HBCU-Black institutions enrolled at least 25 percent black students according to the Integrated Postsecondary Education Data System.

2 
Hispanic-serving institutions enrolled at least 25 percent Hispanic students according to the Integrated Postsecondary Education Data System.

3
 Institutions were determined to be out of scope if they had no S&E research space.

KEY:         HBCU = Historically Black Colleges and Universities

                  S&E = science and engineering

SOURCE: National Science Foundation/Division of Science Resources Studies, 1998 Survey of Scientific and Engineering Research Facilities 

                  at Colleges and Universities.  
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B. RESEARCH ORGANIZATIONS AND

HOSPITALS

In preparation for the 1988 survey, NIH provided
listings of all hospitals and nonprofit research organi-
zations that received extramural research funding from
NIH during FY 1986. A small number of agencies and
institutions that primarily conduct public information
dissemination or other nonresearch activities were
eliminated from the listings.

Samples of 50 hospitals and 50 research organizations
were selected from the listings, with probability propor-
tional to size, as measured by total dollar awards from
NIH in FY 1986. It was determined during data collection,
however, that there was some duplication in the listings.
Some nonprofit research institutions were located within
hospitals and shared the same facilities, and some of the
research organizations were units within other sampled
research organizations. In addition, some of these
institutions have been classified as out of scope of the
survey based on their reports that they do not contain

Stratum Public Private Public Private Public Private Grand Total

Total 70 30 143 134 151 131 660

1 70 30 0 0 0 0 100

2 0 0 10 5 11 2 29

3 0 0 0 2 14 12 28

4 0 0 1 3 8 1 13

5 0 0 3 1 5 0 9

6 0 0 129 0 0 0 129

7 0 0 0 123 0 0 123

8 0 0 0 0 113 0 113

9 0 0 0 0 0 116 116

Table A-4. Number of academic institutions by sampling stratum, institution 

type, and institutional control: 1998

Doctorate-granting Nondoctorate-granting

Top 100 Other

NOTE:      Components may not add to totals due to rounding.

SOURCE: National Science Foundation/Division of Science Resources Studies, 1998 Survey of Scientific and 

                  Engineering Research Facilites at Colleges and Universities.  

Total Public Private

Institution type 1990 1992 1994 1996 1998 1990 1992 1994 1996 1998 1990 1992 1994 1996 1998

Total������������� 224 257 265 254 252 138 157 161 156 155 86 100 104 98 97

     Doctorate-granting����� 173 175 177 173 178 115 117 117 116 112 58 58 60 57 66

          Top 100 in research

               expenditures����� 98 100 100 100 100 67 69 70 70 70 31 31 30 30 30

          Other���������� 75 75 77 73 78 48 48 47 46 42 27 27 30 27 36

     Nondoctorate-granting���� 51 82* 88 81 74 23 40 44 40 43 28 42 44 41 31

Table A-3. Number of respondent non-HBCU institutions in the 1990, 1992, 1994, 1996, and 1998 

samples of research-performing colleges and universities by institution type and institutional control

*Sample initially included nine other institutions that were later classified as out of scope of the study.

KEY:         HBCU = Historically Black Colleges and Universities.

SOURCE: National Science Foundation/Division of Science Resources Studies, 1998 Survey of Scientific and Engineering Research Facilities at 

                 Colleges and Universities.
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any research space (e.g., because their research grants
have expired or because their current research is con-
ducted entirely off premises). Elimination of duplicate
and out-of-scope institutions has reduced the number of
research organizations to 47 sampled in 1988 and the
number of sampled hospitals to 42.

In 1994, an updated list of hospitals and research
organizations that received extramural research funding
from NIH during FY 1992 provided the sampling frame.
Fifty hospitals and 50 research organizations were
initially selected. One institution was eliminated from
each of these samples either because it was a duplicate
or out of scope for this study. This resulted in a sample
of 49 hospitals and 49 research organizations. Like the
sample of academic institutions, the 1996 sample of
hospitals and research organizations was the same as that
used in 1994.

The sampling frame for the 1998 survey included 126
hospitals and 175 research organizations. One hospital
and four research organizations were eliminated from this
sampling frame because they were out of scope for this
study. This resulted in an eligible population of 125
hospitals and 171 research organizations. The research
organizations and hospitals in the 1998 sample were

drawn from an updated list of institutions receiving funding
from NIH in FY 1997. Forty-six research organizations
and 49 hospitals were sampled using a probability
proportional to size (PPS) sampling scheme so that the
larger institutions were selected with higher probability
than the smaller ones. The measure of size of the
institution was defined as the total dollar amount of NIH
research funding each institution received in 1997. The
PPS selection was accomplished using a systematic
sampling scheme. With systematic PPS sampling, each
selection represents a certain portion of the total popu-
lation—in this case, a portion of the total dollars in grant
awards. Institutions that received more grants than this
amount are included in the sample with certainty. Sixteen
research organizations and 29 hospitals were selected with
certainty. The remaining 30 research organizations and
20 hospitals were sampled with uncertainty.

Table A-7 presents the number of institutions in the
sampling frame, eligible population, sample, and
respondents, by stratum, as previously described.

Eighty-three of the 95 sampled research organizations
and hospitals (87.4 percent), completed the survey.

Biomedical institutions are the focus of chapter 9 of
this report. There are five mutually exclusive categories
of biomedical institutions:

1. Colleges and universities with no affiliated medical
school;

2. Colleges and universities with an affiliated medical
school;

Institution type 1990 1992 1994 1996 1998

Total����������� 29  46  44  44  57

     Doctorate-granting��� 3  5  8  10  18

          Top 100 in research

               expenditures��� 0  0  0  0  0

          Other�������� 3  5  8  10  18

     Nondoctorate-granting�� 26  41  36  34  39

Table A-6. Number of Historically Black Colleges and 

Universities (HBCUs) in the 1990, 1992, 1994, 1996, 

and 1998 samples of research-performing 

colleges and universities

SOURCE: National Science Foundation/Division of Science Resources 

                  Studies, 1998 Survey of Scientific and Engineering 

                  Research Facilities at Colleges and Universities.

All minority-

Non-HBCU- serving

Stratum HBCUs Black HSIs  institutions

Total 57 13 13 80

1 0 0 1 1

2 29 0 0 29

3 28 0 0 28

4 0 13 3* 13

5 0 0 9 9

6 0 0 0 0

7 0 0 0 0

8 0 0 0 0

9 0 0 0 0

Table A-5. Number of minority institutions by 

sampling stratum: 1998

* Three institutions were both non-HBCU-Black and Hispanic-serving 

   institutions. These institutions were considered non-HBCU-Black 

   institutions in all analyses. 

KEY:         HBCU = Historically Black Colleges and Universities.

                  HSI = Hispanic-serving Institutions.

SOURCE: National Science Foundation/Division of Science Resources 

                  Studies, 1998 Survey of Scientific and Engineering 

                  Research Facilities at Colleges and Universities.  
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3. Independent medical schools;3

4. Research hospitals; and

5. Nonprofit research organizations.

Colleges and universities with an affiliated medical
school are counted as both a college or university and as
a medical school in all tables reporting the number of
institutions. Their biological and medical science research
space—existing, needed, constructed, deferred, and
repaired/renovated—and the associated expenditures are
divided between the college or university and the medical
school categories depending on whether the research
space or capital project was designated as inside or
outside a medical school. That is, while the institution is
counted twice, its research space and associated costs
are not.

Two notes of caution are necessary regarding the
medical school information. A few institutions reported
no existing medical school research space yet reported
actual or planned construction or repair/renovation of
medical school research space. Thus, the ‘medical school’
category does not refer to a constant group of institutions
across all tables in Chapter 9. Second, the number of
medical schools is based on the sum of the weights of the
institutions with research space inside medical schools.

Medical schools were not an explicit stratum in the
sampling scheme. Thus, the number of medical schools
reported may not reflect the actual number of medical
schools in the universe.

Table A-8 presents the number of institutions within
each stratum by institution type that reported existing
research space in the biological or medical sciences,
inside and outside of medical schools.

Out of the 956 institutions in the eligible population,
908 reported existing biomedical research space. The
majority of the 48 academic institutions with no
biomedical research space were nondoctorate granting.

THE SURVEY QUESTIONNAIRE

The 1998 survey questionnaire, reproduced in
Appendix C, updated information collected during earlier
(1988, 1990, 1992, 1994, and 1996) surveys regarding
several topics:

• The total net assignable square feet of space in
science and engineering disciplines, and the
NASF used for instruction and research;

• The total amount of space in all nonscience
disciplines, and an overall space total across all
academic disciplines;

• The amount of research space that is leased by
the institution;

3 An independent medical school is a medical school with its own
FICE code. An independent medical school may or may not be affiliated
with a college or university.

 Sampling Out of Eligible Response

Strata Description  frame  Scope
2  population Sample Respondents  rate

Total All 1997 NIH grant

     recipients
1
����������� 301 5 296 95 83 87.4

10 Research hospitals............................. 126 1 125 49 42 85.7

11 Nonprofit research

     organizations................................. 175 4 171 46 41 89.1

Table A-7. The number of research organizations and hospitals in the sampling frame, 

eligible population, sample, and the number of respondents, by stratum: 1998 

1
These figures include only those institutions that received NIH grants and were either research hospitals or nonprofit research organizations. Other

  types of institutions that received NIH grants are not included.
2
 Institutions were determined to be out of scope if they had no S&E research space.

KEY:         S&E = science and engineering

                  NIH = National Institutes of Health

SOURCE: National Science Foundation/Division of Science Resources Studies, 1998 Survey of Scientific and Engineering Research Facilities 

                 at Colleges and Universities.
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• The condition of research facilities in each S&E
discipline;

• The adequacy of the current amount of research
space, by S&E discipline;

• The project costs, NASF, and sources of funds
for major construction and repair/renovation
activities (costing over $100,000) initiated in
FYs 1996 and 1997 and scheduled for FY 1998
or 1999;

• Expenditures for research facility repair/
renovation projects costing $5,000 to $100,000;

• The existence of an approved institutional plan
that included deferred space requiring new
construction or repair/renovation;

• The estimated costs for needed new construction
and repair/renovation by S&E discipline that the
institution had not scheduled to begin during
FY 1998 or 1999; and

• Scheduled expenditures for FY 1998 or 1999 for
construction and repair/renovation of research
laboratory animal facilities.

In addition to collecting updated information on the
above topics, the 1998 questionnaire added two new
questions:

• A listing of any nonfixed equipment costing at
least $1 million that was included in the cost of
new construction or repair/renovation during
FYs 1996 and 1997; and

• The amount of indirect costs recovered from
Federal grants and/or contracts that is included
in “institutional funds” if institutional funds was
a source of funding for any new construction or
repair/renovation activity in FYs 1996 and 1997.

The response categories for one question were
modified slightly in 1998 from previous years’ surveys.
When classifying the current condition of research space,
a distinction is made between research space that requires
major renovation to be used effectively and research space
that requires replacement. In 1996, these two categories
were combined.

In addition, a modification was made to the cate-
gorization of laboratory animal facilities in relation to
government regulations. In 1998, the categories reflect

Colleges & Colleges &

 universities with  universities with Nonprofit All institutions

 no affiliated  affiliated medical Independent Research  research  with biomedical

Stratum  medical school  schools  medical schools  hospitals  organizations  research space

Total 467 103 42 125 171 908

1 37 57 6 0 0 100

2 26 1 2 0 0 29

3 28 0 0 0 0 28

4 9 1 1 0 0 12

5 9 0 0 0 0 9

6 99 18 8 0 0 126

7 66 25 24 0 0 115

8 88 0 0 0 0 88

9 105 0 0 0 0 105

10 0 0 0 125 0 125

11 0 0 0 0 171 171

Table A-8. Number of institutions with biomedical research space by sampling stratum: 1998

Academic institutions

NOTE:      Components may not add to totals due to rounding.

SOURCE: National Science Foundation/Division of Science Resources Studies, 1998 Survey of Scientific and Engineering Research 

                  Facilities at Colleges and Universities.  
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the four levels of Animal Biological Safety, as described
in Biosafety in Microbiological and Biomedical
Laboratories.4

Finally, the 1998 questionnaire eliminated the ques-
tion used in 1996 regarding the status of the institutions
relative to the cap on tax-exempt bonds (applicable only
to private universities and colleges).

WORLD-WIDE WEB SURVEY

For the first time since the facilities survey began in
1988, institutions had the option in 1998 of responding
to the survey either on the printed questionnaire or using
an Internet-based version of the survey on the World-
Wide Web. Institutions were encouraged to utilize the
Internet version, which contained their 1996 responses.
The Internet version was programmed to detect logic
errors across the 1998 survey items, as well as incon-
sistencies from the institution’s 1996 responses. Each
institution was assigned an individual login and password
to access the Internet survey.

DATA COLLECTION

A. ACADEMIC INSTITUTIONS
In January 1998, a letter from Neal Lane, Director

of the National Science Foundation, was sent to the
president or chancellor of each sampled institution asking
that the institution participate in the study and that a
coordinator be named for the survey. A letter of
endorsement of the project signed by the heads of two
higher education associations also was enclosed. A few
days after the two-week deadline for returning the
coordinator identification card, telephone follow-up was
conducted with all sampled institutions that had not yet
identified a survey coordinator. Survey materials, includ-
ing printed surveys, instructions for the Internet version
of the survey, and facsimiles of the 1996 responses for
each institution were sent to the coordinator in mid-
February by overnight mail. The questionnaire and cover
letter requested return of the completed survey by March
31, 1998. At the end of March, few surveys had been
returned and the deadline was extended to late April 1998.

All institutions were notified of the extension. Nonresponse
follow-up began in mid-March and continued through July
1998.

B. RESEARCH ORGANIZATIONS AND

HOSPITALS
In May 1998, a letter from Judith Vaitukaitus,

Director of the National Center for Research Resources,
was mailed to the president, CEO, or director of each
sampled organization asking that the institutions participate
in the study and that a survey coordination be named for
the survey. Survey packets, including printed surveys,
instructions for completing the Internet survey, and
facsimiles of the 1996 responses for each institution were
sent to each coordination on a rolling basis, beginning on
June 6, 1998. Although the return deadline for the survey
was June 30, 1998, by the end of July, few responses had
been received. The survey deadline was extended until
September 25, 1998. Reminder phone calls were made
and faxes were sent to determine participation status for
the nonrespondents beginning in mid-June and continuing
through September.

As printed versions of the survey were returned,
responses were entered into the Internet version to run
the series of logic and arithmetic checks. Responses
returned on the Internet version were available imme-
diately for analysis. Telephone followup was conducted
with the institutions to resolve data inconsistencies
discovered during analysis.

ITEM NONRESPONSE
After machine editing of questionnaire responses for

completeness, internal consistency, and consistency with
data from previous surveys, extensive telephone data
retrieval was conducted to minimize the amount of miss-
ing data or otherwise problematic responses to individual
questionnaire items. As a result of these persistent follow-
up activities, most of the individual items had very low
item nonresponse rates.

One exception was item 1a, which requested the total
amount of academic space in all disciplines outside S&E
fields. As in previous surveys, this item was difficult for
some institutions to answer and, though data retrieval
was attempted, it had a higher nonresponse rate (20 miss-
ing responses or 6.6 percent) than other items. Items on
the amount (Item 1), adequacy or inadequacy assessment
(Item 2), current condition (Item 3), completed construc-
tion and repair/renovation (Item 4), planned construction

4 U.S. Government Printing Office (1993). Biosafety in
Microbiological and Biomedical Laboratories (3rd Edition).
Washington, D.C.: U.S. Government Printing Office.
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and repair/renovation (Item 6), and additional need (Item
7) of research space had fewer than 2 percent missing
values in each field.

Missing values were imputed for questionnaire items
that were included in the data analysis. Missing data on
total academic space outside S&E fields were imputed
based on the ratio of total academic space to total space
in S&E fields. In Items 2 and 3, reported percentages
were converted to NASF based on the amount of research
space in Item 1. In Items 4, 6, and 8 (on completed capital
projects, planned capital projects, and scheduled animal
facility improvement) most missing values involved either
missing costs or missing NASF, but not both. In these
cases, the missing data element was imputed from the
reported element using 1996 data on average cost per
NASF to estimate the one from the other.

Missing values that could not be imputed using the
above methods were imputed using a “hot deck”
approach. This involved imputing the missing value from
a “donor” institution that did provide the needed
information and that was as closely matched as possible
to the institution with the missing information in terms
of control, type (doctorate-granting or nondoctorate-
granting) and size of research expenditures.

WEIGHTING
After data collection, sampling weights were created

for use in preparing national estimates from the data. First,
within each weight class, a base weight was created for
each institution in the sample. The base weight is the
inverse of the probability of selecting the institution for
the sample. Second, because some institutions in the
sample did not respond to the survey, the base weights
were adjusted in each weight class to account for this
unit nonresponse. Finally, the weights were adjusted again
to make the number of estimated institutions equal to the
known number of institutions in various categories. For
this final “poststratification” adjustment, the institutions
were classified by type (top 100 in research expenditures,
other doctorate-granting, nondoctorate-granting, control,
and HBCU status. The poststratified weights were used
to produce the estimates shown in this report. The
weighting procedures were essentially the same as those
employed in the 1988, 1990, 1992, 1994 and 1996 studies.

RELIABILITY  OF SURVEY ESTIMATES
The findings presented in this report are based on a

sample and are therefore subject to sampling variability.
Sampling variability arises because not all institutions are
included in the study. If a different sample of institutions

had been selected, the results might have been somewhat
different. The standard error of an estimate can be used
to measure the extent of sampling variability for that
particular estimate.

One of the ways that the standard error can be used
is in the construction of confidence intervals. If all pos-
sible samples were selected and surveyed under similar
conditions, then the intervals of two standard errors below
the estimates to two standard errors above the estimates
would include the average result of these samples in about
95 percent of the cases. Because only one sample is
actually selected and surveyed, the standard error must
be estimated from the sample itself. The interval
constructed using the estimated standard error from the
sample is called a 95-percent confidence interval. In this
report, discussion is limited to group differences or
changes over time that fell outside the 95-percent
confidence intervals of the 1998 estimates.

Another way standard errors are used is to calculate
coefficients of variation. The coefficient of variation is
calculated by dividing the estimates’ standard error by
the estimate. For example, if an estimate had a mean of
1000 and a standard error of 130, the estimate’s coeffi-
cient of variation would be 13 percent. In this report,
discussion is limited to estimates whose coefficient of
variation was less than 25 percent.

In past reports, the standard errors were estimated
using the jackknife repeated replication method. The jack-
knife replication method involves dividing the full sample
into a number of replicates and estimating the standard
errors based on the variability among these replicates.
For the 1998 survey, the standard errors were generated
using the Taylor series linearization method to approxi-
mate functions of linear statistics estimated from the
sample. The statistical software package STATA was used
for this variance estimation. Estimated standard errors
for selected statistics are shown in table A-9.

DATA CONSIDERATIONS, DEFINITIONS,
AND LIMITATIONS

In addition to sampling errors, survey estimates can
be adversely affected by nonsampling errors. Errors of
this type include those resulting from reporting and
processing of data. In this survey, extensive follow-up
with respondents was conducted to ensure that the data
were as accurate as possible. This follow-up included a
cross-year review that verified inconsistencies between
the current and previous questionnaires.
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Table A-9. Standard errors (S.E.) for selected estimates

 Doctorate-granting     

Total Top 100 research

Item Estimate S.E. Estimate S.E. Estimate S.E. Estimate S.E. Estimate S.E. Estimate S.E. Estimate S.E.

Total research

     NASF

     1988������ 112,062 1,864 107,443 2,004 80,627 1,419 26,815 2,109 4,619 437 82,384 1,627 29,678 868

     1990����.....� 116,327 4,054 111,166 4,062 81,659 1,327 29,508 3,574 5,161 485 86,880 3,538 29,447 1,591

     1992������ 122,015 4,079 117,373 4,185 87,508 0 29,865 4,185 4,642 316 90,815 3,612 31,200 969

     1994������ 127,369 2,885 121,930 2,766 90,974 0 30,865 2,766 5,439 372 91,723 2,163 35,645 1,569

     1996����.....� 136,480 1,467 130,684 1,384 98,273 0 32,411 1,384 5,797 381 98,958 1,665 37,522 1,493

     1998�����... 143,288 1,937 135,879 1,763 101,272 0 34,607 1,763 7,410 806 106,093 1,602 37,195 1,091

Difference in

     NASF

     1990 & 1988��� 4,265 3,586 3,723 3,659 1,032 3 2,693 3,659 542 205 4,496 3,026 -231 1,385

     1992 & 1990��� 5,687 6,239 6,207 6,404 5,849 1,327 358 6,412 -519 481 3,934 6,246 1,753 1,200

     1994 & 1992��� 5,354 4,996 4,557 5,016 3,466 0 1,091 5,016 797 488 908 4,210 4,445 1,844

     1996 & 1994��� 9,111 3,237 8,754 3,093 7,299 0 1,455 3,093 358 532 7,235 2,730 1,877 2,166

     1998 & 1996��� 6,808 2,430 5,195 2,241 2,999 0 2,196 2,241 1613 892 7,135 2,311 -327 1,849

Repair/renovation

     cost

     1988������ 838 60 793 58 596 10 197 59 45 8 436 38 402 27

     1990�����.� 1,010 265 979 264 483 12 496 259 30 15 699 266 311 18

     1992������ 825 40 794 38 632 0 161 38 32 9 449 41 376 15

     1994������ 837 45 803 44 623 0 180 44 34 5 522 41 315 21

     1996������ 1,058 48 981 47 755 0 226 47 77 21 496 35 562 40

     1998������ 1,325 69 1,142 47 857 0 285 47 182 43 655 51 670 39

Difference in cost

     1990 & 1988��� 172 269 186 267 -113 18 299 261 -15 22 263 265 -91 35

     1992 & 1990��� -185 269 -185 267 150 12 -355 262 2 39 -250 270 65 38

     1994 & 1992��.. 12 60 9 58 -9 0 19 58 2 10 73 58 -61 26

     1996 & 1994��.. 221 66 178 64 132 0 46 64 43 22 -26 54 247 45

     1998 & 1996��.. 267 84 161 67 102 0 59 67 105 48 159 61 108 56

Repair/renovation

     NASF

     1988������ 13,431 1,305 12,841 1,345 9,124 304 3,717 1,299 590 90 8,745 1,196 4,685 528

     1990������ 11,449 576 10,993 488 7,781 179 3,212 464 456 229 8,223 473 3,226 237

     1992������ 8,606 657 8,344 624 5,622 0 2,722 624 262 81 5,420 613 3,187 180

     1994������ 9,134 632 8,811 611 6,028 0 2,783 611 323 79 6,011 496 3,123 320

     1996������ 13,122 758 12,364 746 8,758 0 3,606 746 758 113 6,839 498 6,282 681

     1998������ 15,059 627 13,414 519 9,776 0 3,638 519 1,645 352 9,379 446 5,679 441

Difference in

     NASF

     1990 & 1988��� -1,982 1343 -1,848 1252 -1,343 351 -505 1,276 -134 251 -522 1,233 -1,459 384

     1992 & 1990��.. -2,841 928 -2,649 914 -2,159 179 -490 841 -194 228 -2,804 788 -38 328

     1994 & 1992��� 528 912 467 873 406 0 61 873 61 113 591 789 -64 367

     1996 & 1994��.. 3,988 987 3,553 964 2,730 0 823 964 435 138 828 703 3,159 752

     1998 & 1996��.. 1,937 984 1,050 909 1,018 0 32 909 887 370 2,540 668 -603 811

In millions of constant 1997 dollars

In thousands

 granting Public

In millions of current 1997 dollars

In thousands

Nondoctorate-

Page 1 of 2

In thousands

In thousands

PrivateTotal Other

See explanatory information and SOURCE at end of table.
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RESEARCH SQUARE FOOTAGE
In 1996 for the first time, and again in 1998, the survey

included a definition of “net assignable square feet.”
NASF was defined as the sum of all areas (in square
feet) on all floors assignable to, or available to be assigned
to, an occupant for specific use, such as instruction or
research. It is unlikely that the inclusion of a definition
had any effect on trends in this item.

Respondents were instructed to prorate the NASF
and the cost of construction and repair/renovation projects
to reflect the proportion of space that was used for science
and engineering research. For example, if half the space
of a new 20 thousand square foot biological sciences
building costing $8 million was to be used for biological
research and the other half was to be used for instruction,
only the prorated net assignable square footage for
research (which would be less than 10 thousand gross
square feet) and the prorated cost of construction for
research ($4 million) were reported in the survey.
Therefore, these figures do not reflect the total amount
of space under construction or the total cost of the building
or a “project.”

Further, if multiple S&E fields shared research space,
respondents were instructed to prorate the research con-
struction and repair/renovation NASF and costs to reflect
the proportion of use by each individual S&E field. If the

prorated research construction or repair/renovation cost
for an individual field was not over $100,000, the NASF
and the costs were not to be reported in the survey.5

However, some institutions’ responses for some fields
may reflect the NASF and the cost of several projects
summed together. Further, some projects at some insti-
tutions may extend across several fields and, therefore,
their NASF and costs were reported for several S&E
fields, if they were reported at all.

For example, if an institution committed $1 million to
renovate a 100 thousand square foot Biological Sciences
building, of which 45 thousand NASF and $450,000 are
allocated equally for research facilities in the medical
sciences, the biological sciences, and bioengineering, then
15 thousand NASF and $150,000 were prorated to each
of these three fields, and the remaining gross square
footage and the remaining $550,000 were not reported.
If, however, the prorated costs were $350,000 for the
medical sciences, $75,000 for the biological sciences, and
$75,000 for bioengineering, the NASF and costs for the
latter two fields (which sum to $150,000) would not be
reported.

5 Note that the survey collected data on total repair/renovation
projects costing between $5,000 and $100,000 for institutions’ S&E
research facilities. These costs were collected for the institution as a
whole and were not broken out by field.

 

Item Estimate S.E. Estimate
1 S.E. Estimate S.E. Estimate S.E.

Amount of

     research space

     space

     1988������ 26,793 836 41,114 1,175 26,264 646 17,702 397

     1990������ 30,135 1,239 41,072 1,794 27,047 914 18,073 983

     1992������ 32,723 1,356 42,306 1,846 27,620 1,106 19,370 607

     1994������ 33,743 1,078 41,904 1,017 29,700 1,004 22,021 770

     1996������ 50,816 1,181 59,970 1,311 25,195 456

     1998������ 56,154 1,274 54,120 1,022 32,961 953

NASF in thousands

Page 2 of 2

Table A-9. Standard errors (S.E.) for selected estimates

Suitable for 

research

Effective for most

purposes

Needs major

or replacement

Needs limited

repair/renovation

sophisticated repair/renovation

1
 This category was not included in the 1996 and 1998 surveys.

KEY:         NASF = net assignable square feet.

N O T E :       Prior to 1998, standard errors were calculated using a jackknife replication method. 

                  In 1998, the Taylor series method was used. 

S O U R C E :  National Science Foundation/Division of Science Resources Studies, 1998 Survey

                  of Scientific and Engineering Research Facilities at Colleges and Universities.
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Finally, institutions’ facility recordkeeping systems
vary considerably. In general, most of the larger insti-
tutions have central computerized facility inventory
systems, often based on space surveys conducted
specifically for OMB Circular A-21. Many institutions
with smaller research programs are not required to
calculate square footage for OMB Circular A-21, and do
not maintain databases that can provide such information.
These institutions had to calculate or estimate square
footage information specifically for this study.

CONDITION AND ADEQUACY OF

RESEARCH FACILITIES
Questions eliciting assessments of the condition of

S&E research space or its adequacy are by their very
nature subjective. Two persons may make different
assessments of the same facility or have different opinions
of what is required in order for a facility to be suitable
for a particular type of research. Despite the subjectivity
involved, these items do provide an overall picture of the
current status of facilities.

In 1996, the wording and response choices for the
questions assessing both the condition of the institution’s
S&E research space and its adequacy were altered slightly
from that used in previous years. Respondents were given
only three possible choices for evaluating the adequacy
of the amount of S&E research space: adequate, inade-
quate, or not applicable. In 1998, respondents were given
four categories for assessing the condition of research
space. In 1996, two of the categories “C—requires major
renovation to be used effectively” and “D—requires
replacement” were combined, but in 1998, they are
separate categories again. Thus, the percent of change
over time for these two items must be interpreted with
some caution.

CAPITAL PROJECTS
Few institutions maintain information on construction

and repair/renovation projects specific to research
facilities. Many capital projects involve both research and
nonresearch space. When a project was not dedicated
exclusively to research, institutions had to estimate the
proportion of the project that was related to research.

For projects taking more than one year to complete,
institutions were asked to allocate the project costs to the
fiscal year in which actual construction activity began or
was scheduled to begin.

Because institutions use different dollar values to
identify “major projects,” this survey established a guide-
line to ensure consistency of reporting. As in previous
cycles of the survey, projects with costs over $100,000
associated with research facilities were included. In 1992,
1994, and 1996, the surveys also had a separate question
about repair/renovation projects costing between $5,000
and $100,000.

In 1998, a new question was added. It asked the insti-
tutions to list any nonfixed equipment costing $1 million
or more that was included in their Item 4 costs for new
construction or repair/renovation during the FYs 1996 and
1997.

DOLLAR AMOUNTS: CURRENT VERSUS

CONSTANT DOLLARS
Since 1994, the facilities report has used both con-

stant and current dollars. Tables in the body of this report
are presented in 1997 constant dollars; tables in Appendix
E, “Detailed Statistical Tables,” are in current dollars.
Dollar amounts were adjusted using the Bureau of the
Census’ Composite Fixed-Weighted Price Index for
Construction. Unlike a more general index, this construc-
tion index closely tracks inflation within the construction
industry. This index reflects only changes in prices and is
unaffected by changes in the mix of construction proj-
ects during any given year. The Bureau of the Census’
Composite Fixed-Weighted Price Index for Construction
for 1986–97 are presented below in table A-10.

Average Composite

Fixed-Weighted

Fiscal years Price Index for Construction*

1986�87������������� 1.329

1988�89����������..�� 1.240

1990�91����������..�� 1.197

1992�93����������..�� 1.144

1994�95�����������..� 1.055

1996�97�����������.�� 1.000

Table A-10. Composite Fixed-Weighted Price Index

 for Construction inflation adjustments

*The index for the second year was used in all calculations that 

  spanned two fiscal years

S O U R C E S : National Science Foundation/Division of Science Resources 

                    Studies, 1998 Survey of Scientific and Engineering 

                    Research Facilities at Colleges and Universities; Bureau of 

                    the Census� Composite Fixed-Weighted Price Index for 

                    Construction for 1986 to 1997.
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6 U.S. Government Printing Office (1993). Biosafety in
Microbiological and Biomedical Laboratories (3rd Edition).
Washington, DC: U.S. Government Printing Office.

COST PER SQUARE FOOT DATA
The study did not collect unit cost data for individual

construction or repair/renovation projects. It collected only
the aggregate research-related costs and the aggregate
research space involved in all projects begun during
specified periods. These aggregates can be combined into
indices of average cost per square foot, which are useful
in tracking broad cost trends over time. However, they
are of little practical value as guidelines for project
planning. By all accounts, unit costs for both construction
and repair/renovation projects are highly variable,
depending on the specific requirements of the particular
project and on many other factors as well (e.g., geographic
region of the country). Such differences, which are of
crucial importance in project planning, are obscured in
the kinds of multiproject averages that can be constructed
from this study’s data.

DEFERRED CAPITAL NEEDS
Both in 1998 and 1996, institutions reported separately

the construction and repair/renovation costs for projects
included in institutional plans, as well as for projects not
included in such plans. In addition, institutions were asked
to report their estimated central campus infrastructure
needs separately for construction and repair/renovation
and for both those both in plans and not in plans. This
provided a more complete estimate of deferred capital
projects.

In addition to this estimate of research facility needs
based on institutions’ reports of the S&E research con-

struction and repair/renovation projects that had been
deferred, the 1996 and 1998 surveys made additional
efforts to measure this need. If institutions indicated that
they had an inadequate amount of S&E research space
in any given field (Item 2), they were asked to indicate
the additional space needed. Institutions also were asked
to report either the amount or percent of that space that
was funded and scheduled to undergo major renovation
or replacement (Item 3). It was thus possible to derive
estimates of the amount of additional space needed and
the amount of repair/renovation needed and not scheduled.

Both of these approaches, which are based on differ-
ent assumptions, are believed to provide conservative
estimates of the research facility needs of research-
performing institutions.

A new item was added in 1998 asking the respondent
to identify the amount of indirect costs recovered from
Federal grants and/or contracts that is included in
“institutional funds” if institutional funds was a source of
funding in Item 5a for any repair/renovation or new
construction in fiscal years 1996 and 1997.

Finally, one last item, the categorization of laboratory
animal facilities in relation to government regulations, was
modified in 1998. The categories used are the four levels
of Animal Biological Safety as described in Biosafety in
Microbiological and Biomedical Laboratories.6
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